S1 Experimental Details:
a. Synthesis of the bulk Mo2Ga2C:
The starting materials used were commercial Mo (63 NS, Metco Inc., Anderson, SC), graphite (Grade 4827, Asbury Graphite Mills Inc., Asbury, NJ) powders and Ga shots (99.99%) (Roto Metals Inc., San Leandro, CA). First the Mo and graphite powders were weighed in a 2:1 molar ratio and placed in a plastic bottle and mixed for 24 h using agate balls as the milling media. The resulting, lightly sintered, Mo2C compact was crushed into powder and mixed with Ga in a 1:8 molar ratio to form Mo2Ga2C. The mixture was then placed in a quartz tube that was evacuated using a mechanical vacuum pump and sealed. The latter was then placed in an alumina tube furnace and heated at a rate of 10 °C/min to 850 °C, and held at that temperature for 48 h. After furnace cooling, the powder was immersed in a 37 wt. % HCl solution for 3 days to dissolve any residual Ga and Ga2O3 if present. Predominantly single phase Mo2Ga2C powder -with ≈ 20 wt.% Mo2C-was obtained. The powders were then washed with deionized water several times and dried in air for further analysis.
b. Thin film synthesis: Direct current magnetron sputtering was used to grow Mo-Ga-C thin films were synthesized. The films were co-deposited from three elemental targets, Mo (3-inch, 99.95% purity, SCOTECH Ltd.), Ga (2-inch, 99.99999% purity, 5N Plus UK Ltd.) and C (3-inch, 99.99% purity, SCOTECH Ltd.) with respective powers 40 W, 18 W and 200 W and at ~0.5 Pa Ar with a background pressure in the range of 10 -7 Pa. Due to its low melting point (~ 30°C), the Ga source was kept in a concave stainless steel crucible right below the substrate, in line with previously developed procedures. RRL, vol. 7, no. 11, pp. 971-974, 2013] . The Mo and C targets were tilted +35° and -35° away from the horizontal position of the Ga target, co-focusing onto the rotating substrate.
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The thin films were grown on MgO(111) substrates (10×10×0.5 mm 3 , Latech Ltd.) that were ultrasonically cleaned sequentially in acetone, ethanol and isopropanol for 10 minutes at each stage. Before deposition, the substrate was heated to 560 °C at the base pressure, followed by a 10 minutes pre-sputtering with the same powers used for deposition. A shutter was inserted to blind the substrate from the target's line-of-sight when pre-sputtering, and was afterwards removed directly to start the deposition at the same substrate temperature set-point (560°C).
S2 Characterization Details: a) Details of XRD Experimental Parameters and Refinement Conditions
XRD patterns were obtained with a diffractometer (Rikagu Smartlab, Tokyo, Japan), with a step size of 0.02° in the 3°-120° 2 theta range with a step time of 7 s with a 10x10 mm 2 window slit. Scans were made with Cu-Kα radiation (40 kV and 44 mA).
Rietveld refinement of the XRD diffractograms was carried out using the FULLPROF code [J. Rodrıguez-Carvajal, Phys. B 192 (1993) 55-69 ]. The refinement was carried out from 8.5° to 120° 2 Refined parameters were: five background parameters, scale factors from which relative phase fractions are evaluated, Y profile parameter for peak width, lattice parameters (LPs), the overall thermal factor, preferred orientation and atomic positions for all phases. The experimental and those calculated from the Rietveld refinement are summarized in Table S1 . The TEM specimens were prepared by mechanic polishing followed by ion thinning down to electron transparency. High resolution scanning electron microscopy (HRSTEM) and X-ray energy dispersive spectroscopy (EDX) were performed with a double Cs corrected FEI Titan3 60-300 operated at 300 kV, equipped with the Super-X EDX system. Selected area electron diffraction (SAED) characterization was carried out using a FEI Tecnai G2 TF20 UT instrument operated at 200 kV with a point resolution of 0.19 nm. Structural characterization of the thin films was performed through X-ray diffraction (XRD). The system utilized was a Panalytical Empyrean MRD with a Cu k α source. The measurements performed were symmetric (θ-2θ) scans obtained by employing a hybrid mirror and a 0.27º parallel plate collimator in the incident and the diffracted beam side, respectively. Intensity (arbitrary unit)
